Introduction
its growth kinetics and transcriptional activities, yet key knowledge gaps from genotype to 
Materials and Methods

95
Chemicals, strains, and growth conditions. 1-13 C phenol, 2,6-13 C phenol, and U-13 C phenol were cultures, a single colony of R. opacus from a tryptic soy broth plate was inoculated into 2 mL 101 minimal medium, which was used as a seed culture for 10 mL cultures. Isotopomer measurements
102
were conducted when cell cultures reached an optical density at 600 nm (OD600) of 0.2-0.5,
103
corresponding to exponential growth.
105
Analysis of proteinogenic amino acid labeling. 10 mL labeled biomass from 2,6-13 C phenol or succinyl-CoA, a modified biomass equation (Crown et al., 2015) , and the reversibility of glycolysis 146 and the EDP to allow for gluconeogenesis. thickness), and helium was used as the carrier gas. 1 µL of the organic phase was injected with a 178 splitting ratio of 10:1 using the autosampler. For GC runs, the inlet was maintained at 250 °C, and 179 the oven was held for 2 min at 40 °C, heated to 300 °C using a 5 °C/min ramp, and held at 300 °C in the metabolic flux model. Figure 1A shows the proteinogenic amino acid composition of R.
218
opacus from three tested samples, where glutamate/glutamine and alanine were most abundant. which are expected to produce biofuels with better cold-flow properties than terminally-branched 235 fuels (Pond and Langworthy, 1987) . The carbon source affected the abundance of some fatty acids.
236
Notably, ~20% of the total fatty acids in phenol-fed culture were C18 BCFAs. 
242
Error bars are estimates of technical uncertainty. the supernatant, α-ketoglutarate could also be detected while acetate secretion was not observed.
312
The overflow of the TCA cycle works to balance excessive succinyl- for this similarity is that, during aerobic growth, the NADH synthesized from either substrate can 369 be effectively used via oxidative phosphorylation to generate ATP ( Figure 3B) . These results
370
along with FBA results demonstrate that R. opacus has sufficient energy carrying molecules to 371 support the production of high energy biofuels from different feedstocks. Table 1 ).
415
The intracellular metabolite concentrations, or pool sizes, were measured for R. opacus (Figure 5B, 5C ).
455
Three experiments were performed to elucidate the interaction of phenol and benzoate. In 456 the first experiment, amino acid labeling was used to quantify the relative uptake rate between 457 benzoate and phenol ( Figure 5B) . We found that the ratio of benzoate/phenol uptake rate showed that R. opacus prefers acetate, as the carbon in its amino acids was mostly derived from 482 acetate (~70%). This observation further confirmed that the metabolite nodes succinate/succinyl-
483
CoA might be the rate limiting steps during phenol metabolism, leading to flux congestion. respectively) (Supplemental Table 2 ). The benzoate-adapted strain showed reduced growth on 521 phenol compared to the wild type strain, only reaching an OD600 value of 0.2 after 50 hours 522 (P=3.7×10 -5 ), and a maximum growth rate of 0.10 hr -1 (P=0.01). This supports previous findings 523 that while adaptive evolution can help improve specific microbial traits, its untargeted nature can 524 result in unexpected negative consequences or tradeoffs in other traits (Yi and Dean, 2016) .
525
Despite the growth defect in the benzoate-adapted strain, all three adapted strains produced amino 
Conclusion and Perspectives
532
Recently, non-model organisms are gaining attention for addressing challenges in bio-533 manufacturing from renewable feedstock (Czajka et al., 2017 
